The characterization of proteins secreted by Cryptococcus neoformans is of relevance to the identification of vaccine candidates, because concentrated supernatants from the fungus have been shown to be immunoprotective in previous studies. After fractionation of supernatants by anion exchange chromatography and preparative electrophoresis, we obtained the N-terminal amino acid sequences of 13 major proteins. Using a C. neoformans nucleotide database, we were able to clone and sequence the ORFs coding for 12 of these proteins. Some of the genes are identical to previously described ones, while six encode novel proteins, including four putative mannoproteins. The molecular characterization of these and other secreted products may provide useful information in the development of immunebased strategies to control cryptococcosis.
Introduction
Cryptococcus neoformans is an opportunistic pathogenic fungus that causes life-threatening diseases, most often meningoencephalitis, in patients with T-cell deficiencies, such as HIV-infected patients (Powderly, 1993; Mitchell & Perfect, 1995) . Accordingly, previous studies with experimental models have shown that cell-mediated immunity (CMI) responses play a crucial role in controlling the outcome of cryptococcosis (Mitchell & Perfect, 1995; Murphy et al., 1998) . Immunization with concentrated cryptococcal culture supernatants, designated CneF, induces Th1 lymphocyte responses that confer host protection against C. neoformans (Murphy et al., 1998; Nichols et al., 2002) . In contrast, immunization with heat-killed cryptococci does not protect mice and may even accelerate disease progression (Murphy et al., 1998; Nichols et al., 2002) . Despite the protective activities of CneF immunization, only a few individual components of this complex mixture have so far been characterized. In addition to carbohydrate antigens such as glucuroxylomannan and galactoxylomannan, CneF contains mannoproteins (MP), a heterogeneous family of highly glycosylated immunodominant antigens (Murphy et al., 1988; Mansour & Levitz, 2003) .
Mannoproteins share similar features, including affinity for Concanavalin A (Con A), serine/threonine-rich regions, and often a potential site for the addition of a glycosylphosphatidylinositol (GPI) anchor Mansour & Levitz, 2003) . The genes encoding two MP (MP98 and MP88) with T-cell stimulating ability were cloned and sequenced (Levitz et al., 2001; Huang et al., 2002) . Although MP were the first group of antigens to be shown to be capable of inducing CMI responses and lymphoproliferation (Murphy et al., 1988; Levitz & North, 1997) , recent data indicate that both MP and non-MP fractions contain components that induce CMI-mediated protection in experimentally infected mice (Mansour et al., 2004) . Accordingly, one non-MP antigen named d25 was shown to induce cell-mediated protection in experimentally infected mice (Biondo et al., 2002 (Biondo et al., , 2003 . Moreover, one other antigen capable of producing delayed-type hypersensitivity reactions has been described (Mandel et al., 2000) .
Cryptococcus neoformans pathogenesis and virulence also depend on the ability of this fungus to produce extracellular components favouring resistance to host defences and the invasion to host tissues (Chen et al., 1997; Casadevall & Perfect, 1998) . Several extracellular enzymes such as proteinases, phospholipases and superoxide dismutases can be found in concentrated supernatants (Chen et al., 2000) .
In order to characterize CneF components further, we determined the N-terminal amino acid sequences of proteins separated by anion exchange chromatography and preparative sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). In addition to identifying previously described components, we were also able to identify some novel antigens. We describe some general features of these antigens after cloning the genes encoding them.
Materials and methods

Strains and culture conditions
The Cap 67 strain, a stable acapsular mutant derived from strain B-3501, was kindly provided by Dr E. Jacobson (McGuire Veterans Richmond, VA). The encapsulated Cryptococcus neoformans A9759 strain (serotype A), kindly donated by E. Reiss (Centers for Disease Control, Atlanta, GA), was also used. Extracellular material was obtained from yeast cells grown at 30 1C as previously described (Biondo et al., 2002) . Briefly, colonies were transferred from Sabouraud agar plates (Difco, distributed by DID, Milan, Italy) to 100 mL of a dialyzable chemically defined medium (Biondo et al., 2002) . Starter cultures were incubated at 30 1C for 48 h under agitation and used to inoculate 2 L of the same medium. The culture was sampled daily for growth, viability and protein concentration. At various times, cell density was determined by microscopic enumeration, by measuring optical density at 600 nm (OD 600 ) and by plating on Sabouraud's dextrose agar plates. RNA and DNA levels were determined by standard spectroscopic methods (Manchester, 1995) , using the Cary 50 Bio UV-Vis spectrophotometer (Varian Inc., St Helens, Australia). Protein and carbohydrate contents were determined by the Bradford protein micro-assay method (Bio-Rad Laboratories, Milan, Italy) and the phenol sulphuric acid method (Dubois et al., 1956) , respectively. Supernatants were concentrated and dialyzed by tangential filtration as previously described (Biondo et al., 2002) .
Anion exchange chromatography
Lyophilized supernatants (500 mg) dissolved in binding buffer (10 mM Tris-HCl, pH 8.0) were loaded on a 30 mL DEAE column (Macro-prep DEAE-Support; Bio-Rad) previously equilibrated in binding buffer, at a flow rate of 1 mL min À1 . The sample was passed through the column twice to ensure maximum binding. After washing until no protein and carbohydrate were detected, material bound to the column was eluted with an increasing linear gradient of NaCl (0-0.5 M) in 0.01 M Tris-HCl buffer, pH 8.0. Pooled fractions corresponding to single protein peaks were dialyzed against water and lyophilized. Unbound dialyzed material was also lyophilized.
SDS--PAGE and Con A blotting
Sodium dodecyl sulphate À polyacrylamide gel electrophoresis was performed on a 12% polyacrylamide gel with a minigel system (Mini-Protean II, Bio-Rad), as previously described (Biondo et al., 2002) . After electrophoresis, protein bands were stained with Coomassie or periodic acidSchiff (PAS), using standard protocols. Briefly, for PAS staining the gels were fixed for 30 min in 12% trichloroacetic acid. After a brief distilled-water rinse, the gel was oxidized in a 1% periodic acid, 3% acetic acid solution for 15 min, rinsed in distilled water, and exposed to Schiff 's reagent (Sigma, Milan, Italy) for 30 min, followed by 3-min exposures to 0.5% sodium metabisulfite. The development of the bands was stopped with extensive washing. For Con A blots, after electrophoresis, protein bands were transferred electrophoretically onto nitrocellulose using a Trans Blot cell (BioRad) and stained as previously described (Biondo et al., 2002) . Precision prestained standards (Bio-Rad) were used to estimate the molecular size of the protein bands.
N-terminal amino acid sequencing
The bands of interest were purified from concentrated chromatographic fractions by preparative SDS-PAGE and electroelution from gel slices using a Model 422 ElectroEluter (Bio-Rad), as previously described (Biondo et al., 2002) . For N-terminal amino acid sequencing, the protein bands were transferred electrophoretically onto polyvinylidene difluoride (PVDF, Immobilon P, Millipore, Bedford, MA) and sequences were determined by Edman degradation at Midwest Analytical, Inc., St Louis, MO, as previously described (Biondo et al., 2002) . Homology searches were carried out using BLAST software of the National Center for Biotechnology Information at the National Library of Medicine (Bethesda, MD) (Altschul et al., 1997 
cDNA library screening
AlZAP II phage C. neoformans cDNA library prepared from strain B-3501 (Stratagene, La Jolla, CA) was screened to identify the ORFs of the proteins of interest, as previously described (Biondo et al., 2002) . Briefly, a sense primer coding for the N-terminal amino acid sequence of each protein was used in conjunction with a T7 universal primer to amplify, by PCR, a specific DNA fragment from the library. This was labelled and used as a probe to isolate positive clones, which were sequenced as previously described (Biondo et al., 2002) .
Results and discussion
Determination of optimal culture conditions
In initial experiments, optimal culture conditions resulting in the highest protein yields were investigated. Fresh medium was inoculated with 1 Â 10 4 cells mL À1 and incubated for 9 days at 30 1C, using either the A9759 or the Cap 67 strain. Under these conditions, cell concentration rose rapidly to reach maximal values 4 days after the beginning of culture and remained stable thereafter (Table 1) . Cells remained viable throughout the study period, as evidenced by similarities between hemacytometer and colony counts. Protein, RNA and DNA concentrations were measured in dialyzed and 100-fold-concentrated supernatants collected at different phases of growth (Table 1) . Protein levels were maximal at 7 days and remained stable for up to 9 days after the beginning of culture, using either strain. These data are in agreement with previous studies suggesting that proteins are released in the supernatants of stationary-phase cultures (Chen et al., 1997) . Protein release in the stationary phase of growth was probably the result more of active secretion or shedding than of cell lysis, as shown by RNA and DNA levels, which were below detection limits at all time points (Table 1) . However, given the instability of RNA, our data cannot exclude the presence of small amounts of cytoplasmic proteins in the supernatants as a result of cell leakage. Based on these data, to obtain the starting material for fractionation studies, supernatants were collected at 7 days after the beginning of culture, i.e. 3 days after reaching the stationary phase. Cap 67 supernatants, which contained markedly higher protein concentrations than those of the A9759 strain (Table 1) , were the ones used most often in further experiments. This strain was used also because genome sequence data from the parent strain B-3501 are available (Loftus et al., 2005) .
Fractionation and N-terminal sequencing
In order to isolate extracellular proteins, Cap 67 concentrated supernatants were separated by DEAE anion exchange chromatography into three peaks (Fig. 1) . Peak 3 contained the majority of proteins applied to the column. SDS-PAGE analysis of single peaks showed the presence of major Coomassie-positive bands in all peaks (Fig. 2) . Because MP and other glycoproteins are known to be major CneF constituents, gels were also stained using PAS and Con A (Fig. 2) . Both stains were employed, since Con A preferentially detects terminal mannose residues while PAS detects all saccharides. Next, after preparative PAGE, each band was excised from the gel and N-terminally sequenced. No sequence data could be obtained from the 96-kDa band of peak 1, possibly owing to N-terminal blockage of the protein. The 13 out of the 14 N-terminal sequences obtained showed homology with GenBank nucleotide sequences and could be assigned to hypothetical or known gene products (Table 2) . Using this information, we were able to identify in the cDNA library clones containing 12 different entire ORFs. Six of these genes turned out to be identical to previously described ones ( Table 2 ). 
Strain Cap 67 CFU mL 
Ã A defined medium was inoculated with A9759 or Cap 67 cells to a density of 1 Â 10 4 cells mL À1 . Supernatants were collected at the indicated times after incubation, dialyzed against water, lyophilized and resuspended to one hundredth of the original volume. Protein, DNA and RNA levels were measured in these concentrated supernatants. The data shown above are from one representative experiment.
Newly identified genes
The newly identified ORFs corresponded to the 45, 70, 84, 98 (peak 2), 105 and 115 kDa proteins. The N-terminal amino acid sequences of the 45-and 84-kDa bands matched those of similar bands in A9759 CneF. The genes encoding for the 84 and 115 kDa bands both contained a signal peptide and a serine/threonine-rich region and are therefore likely to code for two MP. A detailed description of these genes has been reported elsewhere (Biondo et al., 2005) . The gene corresponding to the 45 kDa protein encodes a novel cellulase capable of eliciting delayed hypersensitivity reactions in mice, and will be described in detail elsewhere (C. Biondo, unpublished data). The remaining three genes will be described here in more detail. Their structure is depicted in Fig. 3 . The peak-2 98 kDa protein contains a putative 1,3-b-glucanosyltransferase domain, which is frequently found in yeasts as glycolipid proteins anchored to the membrane. Interestingly, a Candida albicans mutant strain deleted in the BGL2 gene encoding for a 1,3-b-glucanosyltransferase was reported to be less virulent than the parental strain (Sarthy et al., 1997) . After homology searches, neither the 105 nor the 70 kDa proteins appeared to contain domains with known functions. However, the 105 kDa protein showed homology with a putative sphingomyelin phosphodiesterase from Aspergillus fumigatus, a member of metallo-phosphoesterases associated with regulatory functions (GenBank accession number XP_749295). The region of homology between the 105 kDa protein located and the A. fumigatus antigen was between amino acids 43 and 680 of the 105 kDa protein (51% identity/66% similarity). The 70-kDa protein was predicted to have a kelch motif (accession number: PF01344), which has been associated with a variety of functions. Interestingly, the peak-2 98 and 70 kDa proteins Coomassie Con A blot PAS SDS-PAGE peak 1 SDS-PAGE peak 2 SDS-PAGE peak 3 Fig. 2 . Electrophoresis analysis of DEAE peak 1 (unbound material), peak 2 and peak 3. Peak material (2 mg) was run in 12% polyacrylamide gels and stained with Coomassie or periodic acid-Schiff. Proteins resolved by electrophoresis were also transferred to nitrocellulose membranes and incubated with biotin-conjugated Con A. Molecular mass markers are expressed in kilodaltons.
both have features of MP, such as a serine/threonine-rich region and a GPI anchor motif (Mansour & Levitz, 2003; Biondo et al., 2005) . Moreover, the peak-2 98 and 105 kDa proteins are both rich in Asn-X-Ser/Thr motifs, which are potential sites for N-glycosylation (Fig. 3) (Mansour & Levitz, 2003; Biondo et al., 2005) . Studies are underway to prepare additional quantities of purified 98, 70 and 105 kDa proteins in order to assess whether they bind Con A before and after PNGase F treatment. Pitzurra et al. (1997) . have previously described a glycoprotein of 105 kDa involved in human cell-mediated immune responses. Because no data are available on its amino acid sequence, it is difficult to say if this protein is identical to our protein (Pitzurra et al., 1997) . Collectively, our data confirm the notion that MP are a major constituent of cryptococcal-secreted material. In fact, at least 6 out of 12 major CneF proteins bear a serine/threonine-rich region, the molecular hallmark of MP. We have also identified a 105- kDa protein with several potential N-glycosylation sites, which are known frequently to carry highly mannosylated residues. However, this protein lacks a serine/threonine-rich region.
In conclusion, we have identified 12 proteins that appear to be major components of cryptococcal supernatants. Some of these proteins have been previously characterized (Hamilton & Holdom, 1997; Levitz et al., 2001; Mandel et al., 2000; Biondo et al., 2002; Huang et al., 2002; Lian et al., 2005) . We have described here three novel proteins, including peak-2 98 and 70 kDa MP, which both bear a prominent serine/threonine-rich region and a putative GPI anchor site. Future studies will be aimed at expressing the proteins described here recombinantly and at testing them for their immuno-protective activities. Greater knowledge of the supernatant protein components may result in a better understanding of the pathogenic mechanisms of C. neoformans and may, moreover, contribute to the design of alternative, immune-based strategies to control cryptococcosis.
